Design and development of a high power, low saturation voltage, multi-chip silicon switching transistor  Mid-term progress report by Stonebraker, E. R.
Prepared by: 
Ernest R. Stonebraker 
CONTRACE NO. JPb-952309 
DESIGN AND DEVELOPMENT OF A HIGH PWER, LOW 
SATWTION VOLTAGE, MULTI-CHIP 
SXLICON SWITCHING TRANfXSTOR 
Mid-term Progress Report 
December 1968 
€or the Jet Prop n Laboratory, California , sponsored by t ional Aeronautics and 
ation under Contract NAS7-100. 
1 
https://ntrs.nasa.gov/search.jsp?R=19690005670 2020-03-12T08:26:12+00:00Z
TABLE OF CONTENTS 
I, INTRODUCTION 9 0 . . e e 
1's. PROGJXESS DURING THE PRESENT PERIOD . . . e . . 
A. Design Concepts. . . , . . . . , , . 
B. Construction Details . . . , . . e a . . 
C, Assembly Techniques and Problems . , e . 
1x1. PROGRAM FOR NEXT PERIOD. 9 e . 0 
Page No. 
3 
4 
8 
2 
I. INTRODUCTION 
P r a c t i c a l  experience on Contract JPL-952043 has shown t h a t  develop- 
ment of a s i n g l e  chip t r a n s i s t o r  having a s a t u r a t i o n  vol tage of 0.1 
v o l t  a t  75 amperes i s  beyond the present  s t a t e -o f - the -a r t .  Two 
mqtched t r a n s i s t o r  chips  operated i n  p a r a l l e l  should more c lose ly  
approach 0.1 v o l t  s a t u r a t i o n  vol tage;  therefore  the purpose of t h i s  
con t r ac t  i s  t o  design and develop a dual  t r a n s i s t o r  assembly t o  
meet t he  above goal. 
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11. PROGRESS DURING THE PRESEEPT PERIOD 
A. DESIGN CONCEPTS 
A t  least f o u r  prime f a c t o r s  were considered i n  the  design of the 
dual t r a n s i s t o r  assembly, They are hermetici ty ,  e l e c t r i c a l  
res i s tance ,  power d i s s ipa t ion ,  and r e p l a c e a b i l i t y  of chips.  
Reasonable so lu t ions  f o r  each of these problems can be r ea l i zed  i n  
an assembly of two f la t -pack  encapsulated chips,  The f la t -pack  
concept allows hermetic encapsulat ion of each ind iv idua l  chip, and 
assembly of matched chips.  The u n i t s  can be t e s t ed  separa te ly  and 
e l e c t r i c a l l y  matched t o  insure  s a t i s f a c t o r y  operation. Should one 
u n i t  f a i l ,  i t  can be replaced without a f f ec t ing  the  hermetici ty  of 
the  other.  
I n  order  t o  minimize r e s i s t ance  conductive paths a re  kept sho r t  and 
a l l  ex terna l  contac t  sur faces  a re  plated.  
Power d i s s i p a t i o n  i s  expected t o  be high due t o  sho r t  thermal 
r e s i s t ance  paths. The two chips  a re  i n  contact  with the  same hea t  
s inks,  thereby providing uniform hea t  d i s s ipa t ion ,  E m i t t e r  b a l l a s t -  
i ng  r e s i s t o r s  have not  been incorporated s ince  the  purpose of such 
r e s i s t o r s  is  t o  prevent "current-hogging" and subsequent burn-out of 
devices.  I n  the  present  case, each u n i t  i s  ind iv idua l ly  capable 
of carrying the  r a t ed  current .  
sharing, t he  u n i t s  w i l l  be matched p r i o r  t o  assembly. 
cons t ruc t ion  w i l l  be discussed i n  t h e  fol1ow;ing sect ion.  
Further ,  i n  order  t o  insure  cur ren t  
De ta i l s  of 
3. CONSTRUCTION DETAILS 
The proposed f la t -pack  encapsulat ion i s  spawn i n  Figures 3 and 4, 
The f l a t  pack uses the  compression bond encapsulat ion (CBE) concept 
f o r  contact ing the  co l l ec to r ,  base, and emitter of t he  bas i c  t ran-  
s i s t o r  fusion. This package d i f f e r s  from the s tud mounted package 
u t i l i z e d  on Contracts JPL-951303 and JPL-9520k3 i n  s eve ra l  aspects.  
F i r s t ,  fo rce  must be applied ex te rna l ly  t o  a f l a t  pack i n  order t o  
assure  good contact ,  while a t r a n s i s t o r  fus ion  i n  the s tud mounted 
package is  compressed by i q t e r n a l  springing, Secondly, the  emi t t e r  
and c o l l e c t o r  contact  faces  of g f l a t  pack are i d e n t i c a l  and, 
therefore ,  interchangeable,  This allows mounting of the t r a n s i s t o r s  
with the  emitters d i r e c t l y  i n  contact  with a grounded hea t  s ink  i f  
desired.  
e l e c t r i c a l  res i s tance ,  thermal res i s tance ,  and i n  lead wire induct-  
ance. 
F ina l ly  the  narrow p r o f i l e  may o f f e r  advantages i n  
The i n t e r n a l  d e t a i l s  are as follows ( r e f e r  t o  Figure 3) .  The 
encapsulat ion cons i s t s  of an emitter seal (1) and a c o l l e c t o r  seal 
(2). Within the  encapsulat ion the  t r a n s i s t o r  fus ion  (8) is seated 
on the  s i l v e r  membrane of the  c o l l e c t o r  Seal. The s i l v e r  membrane 
i s  d u c t i l e  and conforms t o  the  c o l l e c t o r  s i d e  of the  t r a n s i s t o r  
fusion. I n  the  s tud  mounted package, an addi t iona l  s i l v e r  f o i l  
must be included f o r  t h i s  purpose. 
regions of the  Cransis tor  fus ion  is made with a sSlver-Teflon emi t te r -  
base contac t  assembly (7). The base lead (6) i s  insu la ted  and passes 
through a pressure contact (5) and makes contact  t o  the  weld f lange 
(3) of the  emitter seal. The pressure on the  emi t t e r  por t ion  of 
the  s i lver -Tef lon  contac t  assembly completes the  contact  through the  
silver membrane of the  emitfer s e a l  t o  the  emif te r  contac t  pad (4). 
The assembly of two p a r a l l e l  devices  i s  shown i n  Figure 4. 
s i n k  (9) i s  manufactured by Astrodyne, Ipc., and is  t h e i r  ex t rus ion  
Type 2506. 
was chosen because of i t s  l a rge  sur face  a rea  and low thermal res i s tance .  
Contact t o  the  emi t t e r  and base 
The hea t  
This hea t  s i n k  i s  designed f o r  na tu ra l  convection and 
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It should be noted t h a t  t he  remainder of the  assembly p a r t s  can 
be used on any f l a t  surface.  The hea t  s i n k  i s  included t o  f a c i l i -  
tate t e s t i n g  and r a t ing .  
The t o p  por t ion  of t he  assembly c o n s i s t s  of a c o l l e c t o r  contact  
bar  (5). This bar  se rves  severa l  purposes. The f i r s t  i s  t h a t  it 
provides a low re s i s t ance  e l e c t r i c a l  contac t  t o  the  c o l l e c t o r  of 
the  f l a t  packages. Since the  thermal conduct ivi ty  of the  copper i s  
about twice t h a t  of the  aluminum hea t  sink, it w i l l  serve t o  d i s s i -  
pa te  the  hea t  from the  devices t o  the  hea t  s ink  much f a s t e r  and over 
a much l a r g e r  area than i f  the  devices were mounted d i r e c t l y  on the  
hea t  sink. The f l a t  packages (1) are located on the  c o l l e c t o r  
contac t  bar  (5), and an emitter contac t  bar  (2) i s  located on the  
emitter contact  area of the  f l a t  package. 
(4) i s  located and held i n  pos i t i on  over the  emi t t e r  contact  bar  by 
two dowel p ins  (3). 
t he  emitter and top bars.  
The top compression b a r  
The dowel p ins  f i t  i n  a milled groove on both 
The dowel p ins  a l s o  prevent misalignment 
of the  f l a t  package due t o  thickness  v a r i a t i o n s  and w i l l  serve t o  
apply the  required fo rce  t o  the  center  of the  f l a t  packages. 
ment of the  assembly i s  accomplished by the  compression b o l t  (15) 
and i n s u l a t o r  (13), The b o l t  along with the  compression nut (16) 
and Belleville sp r ings  (14) maintain the  required fo rce  on the  f l a t  
package. 
a support  plate  (1) i s  located next t o  the  heat  s ink,  In su la t ion  
of the  emitter from the  c o l l e c t o r  i s  accomplished by the  i n s u l a t o r  
Align- 
I n  order  t o  provide add i t iona l  support  t o  the  hea t  sink, 
(13) and mica washers (ll), A compression washer (12) provides 
p ro tec t ion  f o r  the  m i c a  from the  B e l l e v i l l e  springs.  
nu t  is s p e c i a l l y  designed t o  provide alignment f o r  t he  B e l l e v i l l e  
springs.  
The compression 
The proposed fo rce  required t o  provide low thermal and e l e c t r i c a l  
r e s i s t ance  i s  about 2000 lb. 
w i l l  be support ing about 1000 lb., which from pas t  experience with 
s t acks  and f l a t  package assemblies, should be adequate, 
This w i l l  mean t h a t  each f l a t  package 
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C. ASSEMBLY TECHNIQUES ANI) PROBLEMS 
After  assembling the  parts by hand, the  e n t i r e  assembly i s  placed 
i n  a laboratory press  and compressed with a fo rce  of 2000 l b .  The 
nut is  now tightened, maintaining the  des i red  force.  
On the  f i r s t  f l a t  pack encapsulated devices,  emitter-base sho r t s  
developed when the  u n i t s  were compressed. These sho r t s  a r e  probably 
due t o  a s l i g h t  misalignment of the  s i lver -Tef lon  contact  assembly. 
The same problem i s  f requent ly  encountered i n  the  compression 
bonded s tud  mount package, but  t h a t  package can be disassembled 
and the  contact  assembly real igned.  
immediately a f t e r  assembly, thus realignmeqt of the emi t t e r  contact  
i s  not  possible .  The in s ide  diameter of the  f o i l  on the  emi t t e r  
contact  w i l l  be increased t o  provide g rea t e r  tolerance t o  misalign- 
ment. 
The f l a t  pack must be velded 
I n  addi t ion  t o  changing dimensions, a new approach i s  being t r i e d ;  
t h a t  i s ,  the use  of a si lver p la ted  Teflon contac t ,  By using t h i s  
type of contact  t he  following advantages a re  expected: 
1. 
2, 
3 .  
More accurate  contac t  a rea  dimensions w i l l  be 
achieved. 
Cleaner contacts  by avoiding contamination t h a t  
has been present  with folded contacts ,  
Alignment w i l l  be imprwed due t o  l e s s  flow of 
Teflon cushion. 
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111. PROGRAM FOR J!XXT PERIOD 
A. The new silver-Teflon contacts will be evaluated, 
B. Transistors will be fabricated using the epitaxial base 
process developed on JPL-952043, 
C. Measurements will be made to determine the effect of parallel 
operation of both matched and purposely mismatched transistors. 
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